Maximum Permissible Ambient Noise in Octave Bands
Limits (cps) 75 -150 150 -300 300 -600 600 -1200 1200 -2400 2400 -4800 4800 -9600 Threshold measurements will be accomplished for at least the frequencies, 125, 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000, and 8,000 cycles per second. This specification further indicates that subjects to be used in the test shall have no more than a 10 dB hearing loss at any test frequency, in either ear, as measured by a standard audiometer. The specification further indicates that those subjects used shall be selected at random, The equipment that is required is basically a pure tone oscillator, an onoff tone interrupter, calibrated attenuators, power amplifier and a loud speaker. A white noise generator is useful to test for proper fit and sealing properties.
The pure tone oscillator, or audio generator, must be capable of supplying tones over the frequency range, 100 to 8,000 cycles per second, within an accuracy of plus or minus 2%. The interrupting device, which must be provided, is a switch that will turn on or off without an audible click. The power amplifier must be capable of furnishing sufficient power to the loud speaker to produce the signals required for testing. This does not create a serious problem as a very small power amplifier is all that is needed. Unfortunately, a small one cannot be obtained, and one must use an amplifier of extreme power. This does not affect the measurements, but does involve a larger expense than is necessary.
The loud speaker to be selected must be of a type which will allow a test frequency to be produced at a maximum level of 85 decibels above the reference level of 0.0002 microbar to a level below the threshold of audibility.
Further, each component of the entire apparatus shall be such that the total distortion will be less than 5% and that no extraneous noises shall be produced during conditions of normal use.
The tests must be accomplished at threshold levels for at least a group of ten listeners measured on three separate occasions. This means that, for each frequency tested, at least thirty individual measurements of real-ear attenuation at threshold must be reported. The individual measures shall be summarized and a standard deviation taken. This standard deviation shall be reported. The above synopsis of the American Standard method for the measurement of hearing protectors indicates the time and expense required to develop an attenuation characteristic on any given hearing protector. It is not only time-consuming but extremely difficult to accomplish with so many variables. Subjects may vary within and between themselves from test to test. The background noise of the room may have some minor variations from testing period to testing period. It is generally difficult to obtain acceptable subjects, since, to be a qualified subject good hearing is required and effects of temporary threshold shift cannot be present.
Even when this is all accomplished with the proper method, the variation from one testing period to another will still be significant. Reliable, comparable results are difficult to obtain under these conditions. There are many shortcomings to this method. The action of a hearing protector at high intensity noise is not measured since all measurements, in accordance with this ASA standard method, are accomplished at threshold levels. It does not necessarily follow that the same hearing protector will offer the same specific attenuation when used in a noise level of 120 decibels. At the present time, this method is the only acceptable one, but work is being done in new exploratory committees to develop new ways of conducting hearing protection tests on a variety of equipment, which is more rapid, more readily comparable from one testing period to another, and between one manufacturer and another.
The American Optical Company has been working on an artificial head. This head is a unit which can be used to determine objectively the attenuation characteristics of any hearing protection device. The results obtained at any given period will closely correlate with the results obtained at a test taken at some subsequent time. Comparison between one product and another is readily made. This method, using an artificial head, allows rapid accomplishment of a hearing protector test to determine a given product's effectiveness, but in no way relieves the manufacturer from using the existing standard method ASA Z.24.22.57, in publishing technical data pertinent to his product. This test could be considered more representative of actual performance because it is accomplished not at threshold levels but at high intensity levels. Here, if the attenuation characteristic is to be used 12 to predict effectiveness in field use, a more reliable prediction will be possible.
Excellent correlation has been obtained with the artificial head, and psychophysical tests being conducted, using the ASA method. This correlation can be developed not using pure tones, but using random noise. With the artificial head it is also possible to test hearing protectors with white noise in octave, Y2 octave and lf3 octave bands in a free field condition or in a random condition. Since tests are run at high intensity, it is even possible to perform many of them directly in the open air without requiring an Anechoic Chamber. It is possible to take a tape of a given noise environment, play it against this artificial head upon which is mounted a hearing protector. With this noise played at its actual intensity level, an attenuation measurement can be obtained on a given specific noise. This is a more realistic way of determining a product's attenuation capability, rather than just using pure tones and predicting what the attenuation measurements might be. This is an important factor and can only be accomplished with the artificial head. For research, design and development, it will be an invaluable tool.
A hearing protector must also be considered, not just from an attenuation point of view, but from that of wearability and fit. How well does it fit the average worker in industry? What is its weight? What is its headband force? What is its ear-to-ear adjustable range? All of these factors must be considered, recorded and evaluated for any given product, and then compared with another product.
It must also be remembered that the use of a hearing protector directly connected to a safety cap offers poorer attenuation than when the protector is used alone or independent of the safety cap. This must be considered if you plan to combine the use of a safety cap and a hearing protector. There will be some lessening of attenuation, and this must be taken into account when a worker will be exposed to a high intensity noise.
A hearing protector to be effective must fit properly over the head. Always test this feature. With the unit being worn open, the mouth wide, move the jaw from side to side and try to create a noise leak. By performing this test in white noise, a leak can be easily detected. It is an important point and a factor that should be tested.
One final point, the muff-type hearing protectors will fit over the temples of most glasses, either personal or safety. If, however, they are not properly fitted and the temples stand away from the side of the face, some adjustment should be made in the glasses. It is necessary for the temples to be close to the face to achieve proper hearing protection.
